2 ), fat mass index (FMI, fat mass/height 2 ) and percentage body fat (%BF) were derived. Plasma total cholesterol and high-density lipoprotein (HDL) cholesterol were measured in 515 (80%) of these children. Results: For the same BMI, %BF was lower in Pacific Island (Po0.0001) and Māori (Po0.0001) girls compared with European but for boys there were no ethnic differences. Cross-sectional analysis across ages using Hattori charts clearly showed sexual dimorphism with girls having a higher FMI, FFMI and BMI than boys by the age of 13 year. Both Pacific girls and boys showed upward trends in FFMI and FMI with age that were significantly higher than those of the other ethnicities. Adjusting for age, sex and ethnicity, %BF was a better predictor (R 2 ¼ 0.090, P ¼ 0.0002) of total cholesterol than BMI (R 2 ¼ 0.061, P ¼ 0.049) or waist (R 2 ¼ 0.075, P ¼ 0.013) while FFMI was the best predictor of HDL cholesterol (R 2 ¼ 0.15, Po0.0001) and waist was the best predictor of the total cholesterol/HDL cholesterol ratio (R 2 ¼ 0.17, Po0.0001). Conclusions: Measurements of body fat and indices of body fatness additional to BMI in multiethnic paediatric populations allow changes in fat mass and FFM to be tracked and improve the ability to predict dyslipidaemia.
Introduction
Body fatness is increasing in all populations, and is the sixth most important risk factor contributing to the burden of disease worldwide (Haslam and James, 2005) . The definition of obesity and excess fat is not clear and associations with risk are even less clear especially in children. The Public Health Intelligence unit of the Ministry of Health (Ministry of Health, 2005) has analysed causes of death in New Zealand in 1997 by risk and found that diet (energy intake, saturated fat intake, sodium intake, and vegetable and fruit intake) is the largest single contributor to mortality. Diet, deprivation, cholesterol, blood pressure, body mass index (BMI), and insufficient physical activity and tobacco were identified as the top seven risk factors for the major proportion of deaths; an exact proportion cannot be determined for each because of the presence of comorbidities. These risk factors may track from conception (Baird et al., 2005) and evidence is increasing that the pathogenesis of increased body fat (Cunningham-Rundles et al., 2005) and inadequate lean mass, which is mainly skeletal muscle (Wolfe, 2006) , is a form of malnutrition. BMI (weight/ height 2 ) is a simple approach to assessing body composition that provides an index of obesity in large groups. However, the significance of BMI measurements is not always clear as a given BMI can include a wide range of fat (VanItallie et al., 1990) and also the fatness to BMI relationship differs among ethnic groups (Rush et al., 2003) . The use of charts to differentiate between fat mass (FM) and fat-free mass (FFM) components of total body mass adjusted for height (Hattori et al., 1997) allows comparison of the rates of increase of FM and FFM over time in children.
Prevention and intervention strategies in childhood are required to demonstrate changes in muscle mass and metabolism as well as reduction of the rate of fat accumulation to reduce the future burden on the individual and the health system. Identification of those most at risk particularly in a multiethnic population is the challenge.
In an Auckland subsample of the 2002 Child Nutrition Survey (CNS2002), 643 children had bioimpedance measured by the authors and percentage body fat was (%BF) derived. Relationships of body fatness with age, sex and lipids were examined in the three main ethnic groupsMāori, Pacific and European. The aim of this analysis was first to determine the relationships and variability between body fat and BMI, second to look at the development of adiposity independent of change in body size using Hattori chart analysis and finally to examine the utility of measures of adiposity including fat and FFM indices to predict blood lipids.
Subjects and methods
The methodology for CNS2002 is more fully described elsewhere (Ministry of Health, 2003) . Briefly a two-stage sampling strategy was used to ensure a nationally representative sample, including sufficient numbers of children in the Māori and Pacific groups to enable ethnic-specific analyses. Data for 3275 children nationwide were collected and the anonymized unit record file data were made available in August 2005. In the main survey report (Ministry of Health, 2003) up to three ethnic groups could be reported and ethnicity was determined in a hierarchical manner. (1) if Māori was one of the groups reported ethnicity was assigned to Māori, (2) if any one of the Pacific groups was one of the groups reported, assigned to Pacific (3) otherwise the 'European and other group' was assigned. In the present analysis only the first identified ethnicity was assigned and European does not include other ethnicities. Only children living in the greater Auckland area had bioimpedance measured as described below. This sample consisted of Māori (89 boys, 69 girls), Pacific (154 boys, 194 girls) and European (71 boys, 66 girls) and totalled 643 children. Duplicate anthropometric measurements included body weight ( ± 0.5 kg) in light clothing, height ( ± 0.5 cm) without shoes with a stadiometer and waist girth (±0.5 cm) at the highest point of the iliac crest with minimal respiration. Skinfold callipers (Holtain Ltd, Crymych, UK) were used to measure the subscapular skinfold thickness at the inferior angle of the scapular and the triceps skinfold thickness at the posterior midpoint of the vertical line between the acromion process and the tip of the olecranon. Repeated measurements within 0.5 mm of each other were averaged. All measurements were recorded to the nearest 0.1 mm. BMI was calculated as weight in kg divided by squared height in metres. Children were not required to be fasting. After the children had voided, resistance (R) was measured in the supine position using a single frequency (50 kHz) bioimpedance analyser (Model Imp 4, Impedimed, Queensland, Australia) with a tetrapolar arrangement of self-adhesive electrodes (Red Dot 2330, 3M Healthcare, St Paul, MN, USA). This method has been detailed and validated in a similar population in which the same instrument was used and the following equation developed relating FFM to weight, height and R (Rush et al., 2003) :
Limits of agreement between FFM predicted by this equation and the criterion FFM measured by deuterium dilution were ±4.9 kg.
Fat mass was derived from FFM estimated using this equation as weightÀFFM and %BF calculated as 100 Â FM/ weight. FM and FFM were each divided by height squared in metres to give fat mass index (FMI) and FFM index (FFMI). For an individual FMI and FFMI sum to BMI. This information was added to other measurements in the national data set. Variables of interest included sex, age, height, weight, waist, subscapular and triceps skinfold, and school attended for cluster correction.
A total of 515 (80%) of the children who had body fatness measures provided consent for non-fasting blood to be sampled. Total cholesterol and high-density lipoprotein (HDL) cholesterol were measured by Roche Diagnostics enzymatic methods (Hitachi 917 and PEG-modified enzymes linked to a peroxidase colorimetric reaction, respectively) by Southern Community Laboratories that are accredited by 'International Accreditation New Zealand' for haematology and clinical biochemistry. In epidemiological studies it is acceptable to take non-fasting samples for cholesterol and HDL cholesterol (Thampy, 1995; Savendahl and Underwood, 1999) . A full description of the methodology is available in the Ministry of Health report (Ministry of Health, 2003) . Ethical approval was received from all 13 regional health ethics committees in New Zealand. Informed written consent was obtained from both the children and their parents or guardians.
Statistical analysis
Results are presented as means ± s.e. Between-group differences in subject characteristics were tested using one-way analysis of variance followed by Tukey's multiple comparison procedure. SUDAAN software (version 9.0.0, Research Triangle Park, NC, USA) was used to correct standard errors for any design effect from clustered sampling by schools. The children were recruited from 23 schools with between 7 and 79 children sampled from within a school. As these children were not a random sample of the main CNS2002 sample, sampling weights were not included in data analyses. Association between %BF and height, controlling for age and ethnicity, was examined using Pearson's partial correlation analysis. Curvilinear relationships between %BF and BMI for each ethnic group were linearized by logarithmically transforming BMI. Analysis of covariance was used to adjust body composition results for comparison across ethnic groups. Before carrying out analysis of covariance, similarity of regression slopes among the ethnic groups was verified by examining the significance of the interaction between the covariate(s) and the group variable. Multiple regression analysis was used to examine the variation in each of the measures of total cholesterol, HDL cholesterol or their ratio explained by measures of fatness after inclusion of age, sex and ethnicity in each model. Data were analysed using SPSS software (version 14, SPSS Inc., Chicago, IL, USA) and P-values o0.05 were considered significant.
Results
Characteristics of the sample of 643 Māori, Pacific and European children are presented by sex and ethnicity in Table 1 adjusted for the school effect. Height, weight and age were not different between ethnic groups, but in both boys and girls Pacific had a significantly higher BMI compared with European and Māori. Girls had less FFM and more FM than boys (Po0.0001) but waist girth did not differ between boys and girls (P ¼ 0.3), nor between ethnic groups (P ¼ 0.2). Subscapular (Po0.001) and triceps skinfolds (P ¼ o0.001) were larger in girls but the subscapular-to-triceps ratio (STR) did not differ significantly from boys (P ¼ 0.4). For both boys and girls there was a positive correlation between height and %BF controlling for both age and ethnicity (r ¼ 0.21, Po0.001).
The relationships between BMI and %BF did not differ significantly, either by slope or intercept, in boys (Figure 1) . The common regression equation for boys was: % BF¼ 63.3 log 10 (BMI)À59.0 (SEE ¼ 3.6%, r 2 ¼ 0.60, Po0.0001). There was no significant difference between the slopes of the regressions by ethnicity for girls but covariance analysis showed the intercepts to differ between Europeans and the other two ethnic groups. Cholesterol and HDL cholesterol were highest in European boys and lowest in Pacific boys and girls but the ratio of cholesterol to HDL cholesterol did not differ significantly between girls and boys or ethnic groups (Table 2) .
With age, FMI and FFMI increased in all ethnic groups but between 5 and 14 years the rates of change with age in FMI, FFMI and BMI were up to 125% higher in Pacific than Māori and European ( 
Discussion
In this study we confirm our previous findings (Rush et al., 2003) that for the same height and weight (BMI) Pacific and Māori girls have less fat and more FFM than European girls while in boys no differences are seen between these ethnic groups. While this sample may not be fully representative of the national population we found that Māori and Pacific children on average have higher BMI than European children. Percentage body fat tended to be higher in Pacific compared to the other children. Measures of central fatness (waist and STR) were also significantly higher in Pacific children. Total cholesterol level however was lower in Pacific but the total cholesterol/HDL cholesterol ratio did not differ with ethnicity. This apparent dissociation between high total and central fatness in Pacific and an apparently more favourable lipid profile than European has been reported previously (Scragg et al., 1993; McAnulty and Scragg, 1996) and we have confirmed that this is also true in a paediatric population. We also report a positive association of height with body fatness in children that has been observed in preschool (Buchan et al., 2007) and school age children (Freedman et al., 2004) previously. Increased height-for-age in childhood is a predictor of adult obesity (Freedman et al., 2002) . BMI is a measure of total mass in relation to height but we show by ethnic group and also for individuals that FM and FFM vary for the same height and weight. Exploration of the association of the indices FMI and FFMI shows significant and stronger associations than BMI with total cholesterol and HDL cholesterol. Total cholesterol is positively associated with increasing body fat and FMI, HDL is linked more tightly to FFMI and the total cholesterol/HDL cholesterol ratio is related best to waist and FMI. This leads to the suggestion that surveys and interventions should include the measurement of FFMI, FMI and waist that could then give better insights into the development and treatment of obesity and adverse lipid profiles in children. Increased lean tissue and reduced BMI are associated with higher levels of HDL cholesterol (Pietrobelli et al., 1999) . The relationship between HDL cholesterol and BMI is accounted for by FFMI. In a longitudinal study (Schubert et al., 2006) of adults, increase in FFMI without accompanying decrease in FMI was associated with a decrease in HDL cholesterol. In the growing child the relationship of changes in FMI and FFMI with lipid profile needs to be further explored.
Limitations of this analysis include that the sample was not nationally representative but the sampling structure and high number of Pacific children (33% of national survey) plus the correction for clustered school sampling lead us to believe that the findings are relevant for Pacific children living in Auckland if not New Zealand. No dietary analysis has been attempted in this report but in the national survey Pacific children reported in a 24 h dietary recall lower dietary fibre and higher total fat intakes than Māori and European (Ministry of Health, 2003) and a diet high in fat does influence lipid levels (Salo et al., 1999) . Pacific children are disproportionately overrepresented in lower socio-economic strata and ethnicity and socio-economic status effects are not differentiated. FMI and FFMI treat all adipose and lean tissue as similar but it is recognized that visceral fat depots have an independent influence on lipid levels (Rodriguez et al., 2004) and diabetes risk (Weiss et al., 2003) independent of total FM and waist and that FFMI is not a measure of muscle distribution or fitness.
Given that the increase in the global prevalence of overweight and obesity has built up over generations (Haslam and James, 2005) and a child's growth trajectory predicts adult body composition (Baird et al., 2005) , it will take generations to change the growth trajectory of highrisk, fast-growing groups such as Pacific Island people. It has been shown in adults (Schmitz et al., 2000) and children (Cruz et al., 2005) that an improved diet and increased physical activity can improve indicators of metabolic risk independent of weight/BMI change. Rather than focus initially on weight loss, health and metabolic risk factors in the individual would be best improved by improving socioeconomic status, increasing physical activity opportunities and improving the quality of the food available. Rather than using BMI for age to assess growth, relative changes in FMI and FFMI using Hattori chart analysis may improve cardiovascular risk assessment in children (Wells, 2000) .
The problem for public health initiatives is often the identification of the high-risk children, families and communities to target. Defining the top five or 15% of a population as at risk by BMI is not useful to the individual or family and is more aimed at treatment rather than prevention. Our data support the use of BMI alongside other measures of fatness and risk in multiethnic surveys. BMI alone is an insensitive tool and may not be capturing all those in need of intervention. We have shown that the association between fatness and BMI for an individual is not predictable (depends on age, sex and ethnicity) and that risk may not be the same for the same level of fatness for an individual or ethnic group. We have also shown ethnic differences in average body fatness for the same BMI in girls but we are not able to link that to long-term risk. We do show that the apparent accumulation of FM and FFM relative to height of Pacific children across the age range is more than 50% higher than Māori and European and clearly this population is more at risk of adult obesity. Tanner stages were not recorded but the reported (Ministry of Health, 2003) age of onset of menstruation was 12 years for 50, 53 and 38% of Pacific, Māori and European girls respectively indicating later onset of puberty in European.
In conclusion, this study has shown that FMI, FFMI, and waist could be useful tools to track the development of obesity in children and to identify predictors of risk and at-risk ethnic groups. We also show in cross-sectional data that Pacific children have higher levels of fatness at all age points than Māori and European.
